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Abstract
The time-of-ﬂight (TOF) small-angle neutron scattering (SANS) diﬀractometer is one of the ﬁrst instruments to be
built at the Compact Pulsed Hadron Source (CPHS) of Tsinghua University, China. This SANS project strives to serve
two purposes: its instrumental design, fabrication and optimization will help glean valuable scientiﬁc and engineering
experiences; and its utilization will help promote fruitful domestic user programs on research of large structures in
advanced materials using neutrons.
The design draws experiences from other TOF SANS instruments, particularly that of the long-pulse LENS of
Indiana University and also considers the space constraint at CPHS and the user priority in China. The collection of one
data set covering a wide Q-range (∼ 6 × 10−3 < Q < 0.5 Å−1) with reasonable Q-resolution and eﬃciency is achieved
by making use of a broad wavelength bandwidth (2−10 Å) of neutrons within each time frame and a large area detector
(1 × 1 m2). It also pays attention to possible use of optical devices such as focusing lenses and novel detectors.
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1. Introduction
The Compact Pulsed Hadron Source (CPHS), is a multi-purpose neutron and proton facility currently
under construction at Tsinghua University [1]. It includes a small 13-MeV proton-linac-driven neutron
source. It will provide unique experimental tools for students to learn the science and techniques of proton
accelerators and neutron scattering on the university campus. It complements China’s other neutron sources
such as the CSNS, CARR and accelerator facilities. At the international scale, CPHS works closely with
other hadron facilities such as those of the LENS-USA and PEFP-Korea on a common goal of developing
advanced neutron and proton sources.
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The time-of-ﬂight (TOF) small-angle neutron scattering (SANS) diﬀractometer is one of the ﬁrst instru-
ments to be built at CPHS for studying large structures in various materials. The instrumental design and
the expected performance of the SANS instrument are described in this work.
2. Design of the SANS instrument
The present layout of CPHS, as depicted schematically in Fig.1, shows the linear accelerators, the target
station, and the SANS and imaging instruments and two spare beamlines [2]. The design is optimized based
on two guidelines: (1) to make full use of a broad bandwidth of neutrons to the extent of fulﬁlling the
intended Q-range coverage and resolution, and (2) to achieve a satisfactory signal-to-noise ratio for reliable
data interpretation.
Fig. 1: The schematic layout of CPHS. The cross-shape building is an existing one with radiation shielding
design.
The major components of the SANS beamline are illustrated in Fig.2. The SANS beam tube will be
viewing a coupled cold methane moderator (11 × 11 cm2, 20 K) on the 50 Hz target. Due to the long
proton pulse and coupled moderator, the FWHM of neutron pulse is about 500 μs. However, this long-pulse
character of the source does not seriously aﬀect the Q-resolution of a SANS instrument. The design of
TMR is optimized to supply more cold neutrons and minimize the fast neutron background. If necessary, a
T0-chopper or a sapphire ﬁlter will be installed to suppress the fast neutrons.
Fig. 2: The current design of the SANS instrument at CPHS. The left part shows the schematic illustration
and the right part the three-dimensional layout.
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In order to collect TOF scattering data set suﬃcient to cover a wide Q-range it is important to make
the eﬀective wavelength bandwidth as broad as possible. Moreover, long wavelength neutrons are favorable
for SANS measurements in the lowest possible Q. These factors in conjunction with the relatively high
repetition rate (50 Hz) necessitate a short total ﬂight path. For our SANS instrument the total ﬂight path is
8 m which allows a bandwidth of about 10 Å without overlap. A bandwidth chopper is installed at a distance
of 3 m from the moderator to select the working bandwidth (see Fig.2).
To improve signal-to-noise ratio a segment of tapered collimator is installed upstream of the sample. It
consists of B4C rings separated by spacers of slightly greater diameter whose surfaces are either ‘bright’ (ie
can see the source) or ‘viewed’ (ie can be seen by the detector), but never both. The outer layer is made of
iron shot loaded borated resin designed to minimize the escape of high energy neutrons and to decouple the
beam from its surroundings [3]. Also the inner surfaces of the scattering tank is covered with B4C sheets to
prevent strayed neutrons from reaching the detector.
A detector bank with 1 × 1 m2 area installed at a ﬁxed distance of 3 m from the sample subtends a
scattering angle θ up to about 10 ◦. Such a detector bank can help cover the desired Q range without moving
the detector. The detector bank is composed of alignment of 1 m long, 12 mm outer diameter 3He linear
position-sensitive detectors over a width of 1 m.
3. Performance analysis
The momentum transfer Q depends on the scattering angle θ and the wavelength λ. The minimum θmin is
determined in principle by the neutron beam size on the area detector and dictates the size of the beamstop
to be used. Here the control of background from the splashed neutrons from the direct beam is critical. The
maximum θmax appears at the edge of the detector bank (see Fig.3). The total ﬂight path of 8 m allows a
bandwidth of about 10 Å without overlap. Assuming 2−10 Å to be the working bandwidth and 1 cm sample
size complying conventional pin-hole geometry, the accessible Qmin is 0.006 Å−1 while the Qmax is 0.5 Å−1,
without moving the detector.
Fig. 3: Typical SANS geometry with circular source and sample aperture and 2D area detector [4]. This
ﬁgure is not to scale.
The Q-resolution ΔQ/Q consist of the “geometry” part (angular resolution Δθ/θ) and the “wavelength
spread” part (wavelength resolution Δλ/λ). The uncertainty Δθ of θ is given by the widths of the diaphragms
and the detector pixel size. For pulsed sources, the the wavelength λ is calculated from the time-of-ﬂight
t. Thus, the resolution in λ is a consequence of the pulse length tp. At low Q region, ΔQ/Q is dominated
by Δθ/θ, while the contribution of Δθ/θ becomes smaller and ΔQ/Q approaches the minimum value deter-
mined by Δλ/λ in high Q region [5]. Both eﬀects are independent of each other. For a spectrometer with
conventional pin-hole geometry, the expression for the Q-resolution is given as [6]:
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Where R1 is the radius of source aperture, R2 the radius of sample aperture, L1 the source-to-sample distance,
L2 the sample-to-detector distance, ΔR the detector radial bin width at the radius R on the detector, λ the
neutron wavelength. The gravity eﬀect is not considered due to the short total ﬂight path.
For time-of-ﬂight method the wavelength resolution can be calculated by (see ref.[7]):
Δλ
λ
=
Δt
t
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Lλ
(2)
Where tp is the pulse length which is the main contribution to the uncertainty in wavelength determination,
h the Planck‘s constant, mn the neutron mass, L = L1+L2 the total ﬂight path. For the present conﬁguration,
L1 = 5 m, L2 = 3 m, R1 = 1.4 cm, R2 = 0.5 cm, ΔR = 12 mm, eﬀective wavelength band 2 − 10 Å, a
calculation yields a resolution in Q of about 24% for Qmin and about 4% for Qmax. And the ﬂux at sample
position is estimated to be ∼ 1 × 105 n/cm2/s.
The performance of the SANS instrument is simulated using VITESS computer codes using the param-
eters described above. A sample of spherical particles of 100 Å radius is used and the result is shown in
Fig.4. Count rates at the detector are shown as a function of momentum transfer Q in logarithmic binning
[7]. The results agree well with the theoretical calculation (see ref.[4]) and several orders of oscillations can
be seen.
Fig. 4: Neutron count rate at the detector as a function of Q using a sample with spherical particles of 100 Å
radius.
4. Summary
The design optimization and performance analysis of the new TOF-SANS instrument of CPHS have
been performed using analytical calculations and MC simulations. Table.1 summarizes the parameters of the
SANS instrument. With an accessible Q-range from 0.006 to 0.5 Å−1 it is expected to provide some useful
data with a satisfactory signal-to-noise ratio. The SANS at CPHS could well be China’s ﬁrst experience
with pulsed SANS technique. We anticipate a gradual improvement and upgrade processes throughout the
initial commissioning to operation period, eventually attaining a performance level beneﬁcial to education,
research and technical development.
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Table 1: Design parameters of the SANS instrument
Parameter Design Value
Source Frequency 50 Hz
Wavelength Range 2 − 10 Å
Source-to-Sample Distance 5 m
Sample-to-Detector Distance 3 m
Collimation Circular pinhole collimation
Sample Size 1 − 2 cm diameter
Area Detector 3He LPSD Array
Active Area 1 × 1 m2
Pixel Size 12 mm
Q-Range 0.006 − 0.5 Å−1
Q-resolution 4% − 24%
Flux at sample position ∼ 1 × 105 n/cm2/s
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